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REMARKS 

Claim 1 has been amended to include recitations of allowable claim 11 and claim 11 has 
been canceled. 

Claim 12 has been amended to depend from claim 1. 

Claim 16 has been rewritten in independent form, and claims 16 and 17 have been 
amended to make an editorial change. 

Claims 1-10 and 12-17 are pending in the application. 

The Examiner objects to claim 12 as allegedly having a broader thickness range than set 
forth in claim 16, from which it depends. 

Applicants have amended claim 12 to depend from claim 1 rather than claim 16, since 
claim 1 does not recite a thickness range. Accordingly, Applicants respectfully request that the 
Examiner reconsider and withdraw the objection. 

The Examiner has objected to claim 1 1 for allegedly depending from a rejected base 

claim. 

Applicants have amended claim 1 to include recitations of allowable claim 1 1 and 
canceled claim 11. Accordingly, based on the amendments, Applicants submit that the objection 
is moot and claim 1 should be allowable. Therefore, Applicants respectfully request that the 
Examiner withdraw the objection and allow claim 1. 

Claims 1-10, 12 and 14-17 have been rejected under 35 U.S.C. § 103(a) as allegedly 
being unpatentable over Saitoh et al., U.S. Patent No. 5,612,039 ("Saitoh"), in view of Murray et 
al., U.S. Patent No. 5,254,662 ("Murray"). 
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Appln.No.: 10/694,839 
Amendment under 37 C.F.R. § 1.116 

Claim 1 has been rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable over 
Yanai et al., JP 05-189746 ("Yanai"), view of Murray. 

Claim 13 has been rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Saitoh as modified by Murray, and further in view of Ushigome, U.S. 5,523,153 
("Ushigome"). 

On page 10 of the Final Office Action dated February 23, 2005, the Examiner has 
indicated that claim 1 1 contains allowable subject matter. As stated above, Applicants have 
amended claim 1 to include recitations of claim 11. Accordingly, Applicants submit that claim 1 
and claims 12 and 17 depending therefrom, would not be anticipated or obvious over Saitoh or 
Yanai in view of Murray. 

Claim 16 has been rewritten in independent form to include all the recitations of the base 
claim (claim 1) prior to the above amendment. In this regard, Applicants note that Saitoh teaches 
that the non-magnetic layer generally has a thickness of 0.5 to 3.0 |im (col. 16, lines 53-56). 
Applicants' claims 16 and 17 recite that the thickness range of the conductive layer is 0.02 (im to 
0.4 jam (claim 17) or 0.01 |im to 0.4 jam (claim 16). The thickness ranges of the conductive 
layer in claims 16 and 17 are outside the range disclosed in Saitoh. Further, Saitoh teaches that 
the non-magnetic layer has a thickness of preferably at least 0.8 ^im to ensure its advantages (col. 
16, lines 53-56), which "teaches away" from the 0.01 to 0.4 |im and 0.02 to 0.4 ^m ranges as 
claimed in claims 16 and 17, respectively. Thus, Applicants submit that the claimed range would 
not be obvious because Saitoh "teaches away" from such a claimed range. 
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Appln.No.: 10/694,839 
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On page 3 of the Final Office Action dated February 23, 2005, the Examiner 
acknowledges that Saitoh does not teach the use of a magnetic layer containing CuAu or Cu 3 Au 
type magnetic particles, as required by claim 1. The Examiner uses the teachings of Murray in 
order to satisfy the deficiency in Saitoh. Therefore, the Examiner concludes that it would have 
been obvious to one of ordinary skill in the art to substitute the FePt CuAu type particles taught 
in Murray for the Fe based magnetic particles taught in Saitoh. 

In the 1.1 1 1 Amendment submitted December 9, 2004, Applicants argued that in order to 
convert the FePt alloy disclosed in Murray to a ferromagnetic substance usable in a magnetic 
recording medium of Saitoh, Ushigome, or Yanai, it is necessary to anneal the alloy at a 
temperature of at least 500 °C after the alloy is coated on the substrate. Applicants argued that 
the organic substrates of Saitoh, Ushigome, or Yanai could not tolerate the high annealing 
temperature required to convert the FePt alloy in Murray to a ferromagnetic substance usable in 
the magnetic recording medium of Saitoh, Ushigome, or Yanai. On page 10 of the Final Office 
Action dated February 23, 2005, the Examiner asserts that there is no evidence of record to 
support Applicants' argument. Accordingly, Applicants submit two documents herewith to 
provide evidential support for this argument. 

Saitoh discloses using a PET base in column 21, line 57. Ushigome discloses using a 
PET base in column 5, line 2. Yanai discloses using a PET film in paragraph [0026] of Yanai. 

As described in Table 1 of "Characterization of Magnetic Tapes and Substrates" enclosed 
herewith, the melting points of PET and PEN are below 300 °C. Additionally, Figs. 7-9 of 
"Houkouzoku Polyamide Film no Kouzoukaiseki" (Structural analysis of aromatic polyamide 
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film), Koubunshi Ronbunshu, vol. 51, No. 11 (Nov., 1994) pp. 745-751, enclosed herewith, 
illustrate that the physical characteristics of an organic film changes below 300 °C. In 
"Houkouzoku Polyamide Film no Kouzoukaiseki", a PPTA (Paraphenylene terephthal amide) 
film is used for experiments. In Figs. 7-9, it is clearly shown that crystal characteristics of the 
film change around 300 °C. In Fig. 8, R(l) refers to the proportion of crystallite size (200) plane 
of mod. I, and R(2) refers to the proportion of crystallite size (010) plane of mod. II. The 
crystallinity is Xc = £ I(hki)Itotai x 100 (%) in which I (h ki) refers to the intensity for (hkl) plane in 
an x-ray diffraction. In Fig. 9, H(hkl) refers to the half breadth of the orientation profile of the 
(010) plane and the (200) plane. Applicants submit that the disclosure in the documents 
discussed above provides evidence that the organic substrates taught by Saitoh, Ushigome, and 
Yanai, which have a upper temperature limit of about 400°C, would not withstand the annealing 
temperature of 500°C required to convert the FePt alloy disclosed in Murray to a ferromagnetic 
substance useable in a magnetic recording medium. Accordingly, Applicants submit that the 
presently claimed invention would not be obvious over Saitoh, Ushigome or Yanai in view of 
Murray because there is no motivation to combine the magnetic medium taught in Saitoh, 
Ushigome, or Yanai with the magnetic particles taught in Murray and further because the organic 
substrates disclosed in Saitoh, Ushigome, or Yanai would not work with the magnetic particles 
disclosed in Murray since the organic substrate of Saitoh, Ushigome, or Yanai cannot tolerate the 
high annealing temperature required for the magnetic particles of Murray. 
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Additionally, on page 4 of the Final Office Action dated February 23, 2005, the Examiner 
asserts that Saitoh meets the recitation "inorganic substrates" because it teaches the use of an 
organic material filled with an inorganic material (see col. 15, lines 27-30). 

Applicants respectfully traverse the rejection for the following reasons. Applicants 
disagree with the Examiner's comments about the interpretation of the term "inorganic 
substrate." On pp. 28 to 29 of the specification, Applicants provide examples of the materials 
that are used as inorganic substrates and organic substrates in the present invention. Since the 
examples of the materials that are used as inorganic substrates in the specification do not include 
any material comprising a mixture of an organic material and an inorganic material, it would be 
apparent to one of ordinary skill in the art reading the specification that the term "inorganic 
substrate" used in the specification refers to an inorganic support made of an inorganic 
substance, not a mixture of an organic and inorganic substance. Since the meaning of the term 
used in the claims should be interpreted in light of the descriptions provided in the specification, 
the scope of "inorganic substrate" does not include the substrate disclosed in Saitoh. 

Accordingly, Applicants submit that claim 16 would not be anticipated or obvious over 
Saitoh in view of Murray. 

In view of the above, Applicants respectfully request that the Examiner reconsider and 
withdraw the rejections. 

Reconsideration and allowance of this application are now believed to be in order, and 
such actions are hereby solicited. If any points remain in issue which the Examiner feels may be 
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best resolved through a personal or telephone interview, the Examiner is kindly requested to 
contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




Registration No. 54,257 



WASHINGTON OFFICE 



23373 



CUSTOMER NUMBER 



Date: April 27, 2005 
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F5g, 2, X-Ray diagrams orPPTA film (7 pattern); (a) never-dried film; (b) film (Sample 2) dried at room temperature 
without dimensional restrictions; ( C ) film (Sample 3) dried at room temperature with constant dimensions; (d) film 
(Sample 1) produced by our procedure. 
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Structural Analysis of Poly(p-phenylene terephthalantfde) PStms from Liquid Crystatthte Solutions 
NoriVazn Miyashxta*\ Tatsuya Na*ao**> Tadahiro FtfmA* 4 , Takashi Funw/OfcA* 1 , and Toslabiko Amano* 3 
Analytical Research Center, Asahi Chemical Industry (5-4960, Nakagawara, Nobevka, MiyatckL 882 Japan) 
**MKF Project, Asahi Chemical Industry (5-4960, Nakagawara, Ncbeoka, Miyazaki. 382 Japan) 
*> Faculty of Home Economics, Mukogowa Women's University (6-46; IkebirakC Nishtoomiya. Hyogo, 663 Japan) 

PoIyOj-phenylene usenhthalamide) (PFTA) films were formed from a liquid crystallise sulphuric acid solution 
using water as a coagulant. The polymer dope with optical anisonropy was oast on a flat plate, the phase transition from 
the optical anisotropy to isotropy was accomplished by means of controlling temperature and humidity, and then the cast 
dope was immersed in a coagulation bath, When the film was dried at room temperature after the coagulation without 
any dimcnsmal restriction*, crytaBites in the flha were randomly oriented The (010) reflection of the type H 
modification of the PFTA crystal was hardly found in the X-ray diagram of the film. When the drying at room 
temperature was carried out with constant dimensions, the film showed the (0&0) planar orientation of iho type II 
crystal If the film was annealed at higher temperatures, the n crystal we* transformed to the type I crystal and the film 
orientation changed at the same time towards the (A00) planar orientation- A never-dried film exhibited very low 
W crystaffinity and random orientation. The drying process whh dimensional restrictions proves to be an important factor 
in both generating the type II crystal and forming the planar orientation, 

KEY WORDS Pory (p^henylene terephthalamide) Films / Crystal Structure / Phase Transition / 

X-Ray Infraction / Planar Orientation / 
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CharacterizattioE of Magnetic Tapes and Substrates/, 

Brian L. Weick and Bharat Bhushan, Senior Member, IEEE 



^^—Ultra-thln advanced magnetic tape Substrates arc 
thowm to have superior characteristics w&ena compared to PET. 
,fp porticolar, PEN and AR AMD are vfoble alternatives to PET 
with elastic moduli that range fawn 4~5.4 GPa for PEN, and 1© 
I* <J?a for ARAMIB. Also, the ARAM2D material is more isu- 
toafii than PET or PEN with a flnigfaer glass transition tamper* 
^itu-e oT %Tf c C ThertnaJ and hygroscopic expansion reneasur*- 
m eats show that PEN and ARAMD are typically superior <u> 
pgl\ Characteristics of ttyo developmental materials (a poly- 
teozoxzzote and a polyimide) are also presented. 

I. Introduction 

ALTERNATIVE polymeric materials are currently 
being studied to replace poly (ethylene terephthalate) 
or PET as the substrate for magnetic tapes. Current data 
base grade PET is typically 24.4 pm thick, and the ultra- 
thin alternative substrates include poly(ethylene naphtha- 
late) or PEN which is 4.5 thick, an aromatic polyam- 
idc (ARAMID) which is 4.4 /an thick, a polyimide (PI) 
which is 7.6 /«n thick, and poly(benzoxa&oie) or PBO 
which is 5.0 pen thick. Such thinner substrates allow for 
a higher volumetric density when a magnetic tape is 
wound onto a reel* For example, to make an advanced 
storage device with a volumetric density of one terabyte 
per cubic inch the following characteristics are required: 
a substrate which is approximately 4 pm thick, a magnetic 
medium with a track density of about 9000 tracks per inch 
with a 64 head array and 8 head positions, and a linear 
density of about 160 kbits/inch. To make a magnetic tape 
with such high areal densities the substrate musi be me- 
chanically and environmentally stable with a high surface 
smoothness. For high track densities, lateral contraction 
of the substrates from thermal, hygroscopic, viscoelastic, 
andA>r shrinkage effects must be minimal. To minimize 
stretching and damage during manufacturing and use of 
thin magnetic tapes, the substrate should be a high mod- 
ulus high strength material with low viscoelastic and 
shrinkage characteristics. If the storage device is a linear 
tape drive, any linear deformations can be accounted for 
by a change in clocking speed [1]. However, if the stor- 
age device is a rotary tape drive, anisotropic deformations 
of the substrate would be undesirable, To minimize 
s^hing during use of thinner substrates, the modulus 
°f elasticity, yield strength, and tensile strength should be 
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high along the machine direction. Also, since high coer- 
civtty magnetic films on metal evaporated tapes are de- 
posited and heat treated at elevated temperatures, a sub- 
strate with stable mechanical properties up to a 
temperature of 1<XM50°C or even higher is desirable. 
Since magnetic recording devices require low motor 
torque and high magnetic reliability, the finished mag- 
netic medium must also exhibit low friction/stiction and 
high durability. In addition to mechanical and environ- 
mental stability, the cost of the material ts also a major 
factor in the selection of a suitable substitute for PET. 
Lastly, various long-term reliability problems including 
uneven tape-stack profiles (or hardbands), mechanical 
print-through, instantaneous speed variations, and tape 
stagger problems can all be related to the substrate's vis- 
coelastic characteristics (I). 

Perettie et al. [2], [33, have presented some material 
property information about advanced tape substrates in- 
cluding tensile properties as well as expansion and shrink- 
age characteristics. Although extensive characterization 
research has been performed on PET [1J, such research 
on alternative polymeric films is not readily available. 

The objective of this research was to measure mechan- 
ical, hygroscopic, thermal, viscoelastic, and shrinkage 
characteristics of alternative substrates for flexible mag- 
netic media. In addition, these characteristics were mea- 
sured for magnetic tapes which use ultra-thin PET film. 
A detailed description of the substrates and tapes can be 
found in (4J. 

IL Experimental 
Mechanical property measurements were made using a 
Monsanto Tensometer T20 tensile test machine in accor- 
dance with ASTM Spec. 170S. Thermal expansion mea- 
surements (CTE) were made in accordance with ASTM 
D696-79 using a Zygo Laser Dimension Sensor. Speci- 
mens cut into 13 X J in. strips were used for CTE, and 
the temperature was varied from 24-46*C Hygroscopic 
expansion measurements (CHE) were made using a 
Neenah Paper Expansimeter. The humidity was varied 
from 27-95% using a salt solution, and 5 x \ inch spec- 
imens were used. Glass transition temperatures were mea- 
sured using a Rhcomemcs RSA-II Dynamic Mechanical 
Thermal Analyzer (DMT A). Viscoelastic and shrinkage 
characteristics were measured using techniques described 
in [4], [5]. Where applicable, all the characterization 
measurements were made for both the machine (MD) and 
transverse (TD) directions. (Measurements for PET were 
made along the major (MAJ) and minor (MIN) optical 
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Fig. ) , Mechanical Properties of Magnetic Tape Substrates. 

axes which show the extinction of light when viewed un- 
der a CTOSS-poIarizer.) 

HI. Results and Discussion 
A. Mechanical Properties 

Mechanical properties of the tapes and substrates are 
presented in Fig; 1 . Properties measured include modulus 
of elasticity, stnun-ar-yidcVfailure, breaking strength, and 
strain*at-break. The $trah>at*break measurements corre- 
spond wiih the' strain at which the substrates break, and 
the strain-at-y>eld/failure measurements correspond with 
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Bg» 2, Aolsotropy in Modulus of Elasticity for Magnetic Tape. SubstJt 
0*: Machine Direction (Major Axil for PET); $0*: Transverse Dircctpi 
(Minor Axis for PET), 



the strain at which the substrates start to deform irrev< 
sibly. Figure la shows modulus of elasticity meas' 
ments for PET, two PET tapes, and the alternative 
suates. PEN,, ARAMTJD, Pi, and PBO all o 
improvements in elasticity when compared to 3-4 GPa 
PET. Elastic moduli range from 4-5.4 GPa for PEN, 
GPa for ARAMTD, 4-5 GPa for PI, and 9-17 GPa 
PBO. The alternative substrates also offer improve™ 
in breaking strength when compared to PET and 
tapes. Therefore, based on a typical tape tension of 7 
MPa (1000 psi), the alternative materials would, 
stressed to only a fraction of their breaking strength ( 
icaBy b to Strain-at-break measurements indicate 
PET tends to be more ductile than the alternative s 
straics. However, for PET irreversible strain occurs at 
yield point. This is indicated in Fig, lb, and strains 
only 0,02 to 0,03 were measured when PET begins 
yield. The PET tapes yield at sGghfly higher strains 
0.03 to 0.04. PI also fails at its yield point, but p; 
ARAMID, and PBO do not have yield points. Instea 
they fail irreversibly only at their breaking points, 
failure strains for the alternative substrates are t\ 
higher than those measured for PET ranging from 6.03 
0.08 for PEN, 0.035-0.05 for ARAME), 0.04-0.045 
PI, and from 0.03 to 0.04 for PBO. 

Anisotropic characteristics of the tape substrate mat! 
rials are shown in Fig. 2, Modulus of elasticity measu 
ments along different material orientations are shown 
this polar plot. Since ARAMID has a circular curve, it 
a relatively isotropic material with an elastic modulus 
approx. 10 GPa regardless of material orientation. PI, 
also relatively isotropic, but its modulus is significan 
less than ARAMID's. PET and PEN not only have 
moduli, but they are anisotropic materials as indicated, 
their elliptical curves. Fig. 2 also shows that even th< 
PBO has a high modulus, it is also anisotropic. 
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Pig. 3. Thermal and hygroscopic expansion measurements. 



TABLE 1 

SUMMARY OF MeCHANlCAU, HrCftOSCOPIC, THERMAL. VrSCOELASTtC. AWO SwUNKACC CH A AACmKTICS OP MAGNETIC TaPE SUBSTftATtS 



Material 


Mod. of Strain 
Batfdiy atYidoV 
(GPa) Failure 


Broking 
Strangtft 
(MPa) 


Slttlft 
SI 

Break 


3/cm» 


MofeL 

(%) 


CHE 
(27 - 95%) 
(10*)/%RH 


CTE 
(24-46 9 C) 

<io-V*c 


A 


UeWno. 

re? 


Cf6ep«CompL LatConlrect* 
ioojvb@ ioc mv@ 

50*C{QPo' 1 ) SO^Cttnn) 


Sftrintoge 
100 hrg@ 


— )y{AJ 
^ MIN 


2,9 


0.03 


221 
141 


029 
0.68 


1.395 


0.4 


8-S 
11.7 


6,0 
75 


118 




0.35 
0.47 


12.5 


neg. 




M 
4.1 


0X38 
0X3 


222 
298 


0.08 
0.03 


1355 


0.4 


8.1 
. 12.9 


1.5 
15 


158 


272 


023 
0.36 


6.1 
9.6 


0X34 
0.034 




9.5 
10.2 


0X4 
0X5 


200 
271 


0 4 04" 
005 


1^00 


1J5 


5.5 


3.1 
1.0 


277 


None 


0.18 
0.16 


4,8 
4,3 


0.011 
P8q. 


PI M ° 
TD 


4.8 
4.2 


0X4 
0.05 


227 
223 


0.12 
0.21 


1.420 


2.9 


13X 




360-410 


None 


0.33 
O.Z7 


8.6 
7.1 


nefl. • 


' MO 
TD 


16,8 
8.8 


0X3 
0.04 


511 
30$ 


0X3 
0X4 


1,540 


0.8 


1.0 
2.0 


-2.0 

-8X 




Nor* 


0X69 
0X67 


\M 
17B 


neg. 



•24nr3@22 f C. 

"Calculated from ewfKJomftllanco data for a 12.7 mm w)de wbstrete w*ng a Robeon** rate of 0.3 aod o«7,0 MPa. 
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4, Summary of expansion and con Unction characteristics where the 
data has been reduced to a percentage scale. 



A Thermal and Hygroscopic Properties 

CTE and CHE measurements are presented in Figs. 3a 
and b. ARAMID and PEN have lower thermal expansion 
characteristics than PET. However, only ARAMID and 
p BO show a significant decrease in hygroscopic expan- 
sion. The glass transition temperature (Tg) for ARAMID 
^measured to be 277°C versus !56°C for PEN and 
Il6 °C for PET, A T ? could not be measured for PBO, 
aadpolyimides have T 5 's ranging from 360-4lO°C 



IV. Summary and Conclusions 
A summary of the characteristics measured for mag- 
netic tape substrates is presented in Table I, and CTE, 
CHE, creep, lateral contraction, and shrinkage measure- 
ments are presented on a percentage basis in Fig. 4. Al- 
though it has the best characteristics, PBO will be ruled 
out as an alternative to PET due to its current lack of 
availability. PI offers only a slight improvement over 
PET, and availability of PI is also a concern. ARAMID 
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and PEN both offer improved expansion and contraction 
characteristics when compared to PET. Although these 
materials shrink slightly more than PET at 50°C, their 
expansion and contraction characteristics are lower. (The 
shrinkage for PEN and polyesters in general could be re- 
duced by stress-stabilizing the material at 65°C [1], [5].) 
ARAMID and PEN are also closer to the contraction cri- 
teria for an advanced magnetic tape with 256 tracks per 
inch to be read at a time. Based on ihis criteria lateral 
contraction should be less than 0.08% if a ^ track mis- 
match is tolerable and the head can be reentered. A clear 
choice between ARAMID and PEN cannot be made al- 
though ARAMID has a higher T fi than the polyester films 
which makes it more suitable for metal evaggzaxftil tapes. 
Also, the elastic modulus is a f actor ogtwo hjghgbfor 
ARAMI P when compared to PEN, and ARAMSJJTsmoTe 
Ssotropicwhich renders it more compatible with rotaiy 
tape drives. However, PEN has a cneep velocity which is 
lower than that for ARAMID, and the creep velocity for 
PEN continues to decrease after 100 hours at 50*C. In 
comparison, ARAMID continues to deform viscoelasti- 
>lly at the same rate (4). The final choices for alternative 
•"Substrates can be ranked as follows: first choice - PBO 
(unavailable), second choice - PEN or ARAMID, third 
choice - PI (availability in question), fourth choice - PET. 
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